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SUMMARY 



Investigation by staff of the Ministry of the Environ- 
ment into complaints of contamination of domestic water 
supplies has identified the Denby landfill site as a major 
source of groundwater quality degradation. The landfill is 
located in a worked-out gravel pit, upslope of strip develop- 
ment along highway 2, west of the City of Woodstock, Ontario. 
Domestic and commercial solid wastes have been disposed of 
at this landfill for the past 20 years. 

Domestic water supplies in the vicinity of the landfill 
are obtained from the upper portion of the bedrock consist- 
ing of a cherty, fractured limestone. The bedrock is overlain 
by silty tills and glaciof luvial sands and gravels of which 
the deposits forming the gravel pit are a part. In the area 
of domestic well development, the silty till deposits are 
discontinuous. Leachate from wastes placed in the landfill 
have moved through sand and gravel deposits into the frac- 
tured bedrock. Sampling has identified pollutants related 
to landfilling as well as contaminants from road salting and 
from individual subsurface waste disposal system. 

Water quality impact from de-icing operations and from 
septic tanks effluent were noted in a 1972 Ministry's report 
and have likely been affecting local water supplies for some 
considerable period. The introduction of leachate from the 
Denby landfill, however is a relatively recent and highly 
visable occurrence causing unpleasant taste and odour as 
well as discolouration of well water supplies. While all 
three sources are responsible for identifiable pollutants in 
local water supplies, the landfill leachate must be regarded 
as the most critical input. 
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The landfill operation should be terminated as soon as 
possible, and properly covered to minimize leachate pro- 
duction. The means of restoring individual water supplies 
has yet to be worked out between staff of the Ministry of 
the Environment, the individuals concerned and officials of 
Oxford County. 



CHAPTER 1 



INTRODUCTION 



1.1 Location 

The Denby sanitary landfill site is located about 3700 
feet (1128 m) southwest of the Woodstock city limits by 
road. It occupies the central portion of lot 1, Broken 
Front Concession, South-West Oxford Township, Oxford County. 
The area encompassed by this study is indicated in Figure 1. 

The site is located in an abandoned sand and gravel pit 
and occupies approximately 4 acres (1.6 ha). The site is 
zoned M5 (Disposal Industrial Zone) for which the permitted 
use is a garbage dump or a disposal area in accordance with 
Bylaw 1158. This zoning was approved by the Ontario Municipal 
Board on August 21, 1967. 

Access to the site is provided by a gravel road about 
1100 feet (335 m) in length which connects to provincial 
highway 2 (Figure 1) . The landfill is well isolated by 
natural topography and vegetation. 



1.2 Present Operation of the Denby Landfill Site 



Presently, the Denby landfill site is operated by Denby 
and Sons Sanitation of R. R. # 1, Woodstock. Refuse is 
piled up and compacted in the northern portion of the site 



(Photo 4) . It is sometimes pushed northward taking ad-* 
vantage of the natural slope of the terrain. The refuse is 
periodically covered with sand, gravel and some silt which 
is obtained from an open face at the west margin of the 
site. A perforated drainage tile four inches in diameter is 
buried about 2 feet (0.6 m) deep at the northern margin of 
the landfill. The leachate collection system was installed 
last spring after problems were reported and was neither 
designed or approved by this Ministry. It collects a small 
amount of leachate and directs it into a concrete structure 

(septic tank) which is two-thirds buried at the northeastern 
corner of the site (Figure 1) . When this tank is filled 
with leachate, the liquid is trucked to the wooded area 
southwest of the landfill site (Figure 1) . However the tank 
sometimes overflows and the leachate moves overland for 
several tens of feet along a shallow depression where it 
quickly disappears into sand and gravel. This situation was 
observed during the site visit on September 30, 1976. 

A solid waste survey carried out during the summer of 
1976 indicated that domestic refuse taken to the site is 
collected from Beachville, Innerkip, Embro, Sweaburg, Folden 
Corners, small rurual areas around Woodstock and Ingersoll, 
from the Poole Company of Woodstock, and from Dominion 
Stores at Woodstock and Ingersoll. 



1 . 3 Background 



According to the present site operator, Mr. J. Denby 
(of Denby and Sons Sanitation, R. R. # 1 Woodstock) the site 
operation commenced some 20 to 2 5 years ago when the east 
portion of the present site was used (Figure 1) . 




-2345 Bedrock well with MjO.E. well record number 



tLA,2L^; Leachate and soil sample locations with 
ISA identification number 



A' Cross- section location 
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The Denby sanitary landfill site 

1 area presently being filled 

2 covered original site 



Subdrea boundary (approximately) 



All of these wells were sampled in 1976 except wells numbered 2204, 
2205,2207, and 2279; the locations of the first three wells have not 
been confirmed. 

FIGURE 1 . LOCATION MAP. 
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The earliest available information on this Ministry's 
file concerning the Denby sanitary landfill site dates from 
January, 1971. At that time, a site inspection report by an 
inspector of the Waste Management Branch of the former 
Ontario Department of Energy and Resources Management notes 
that site operation was unsatisfactory. This was reportedly 
because (a) the site was operated as an open dump and (b) 
the location was unacceptable. It was therefore recommended 
that site operation be improved by (a) the implementation of 
a rodent extermination programme and (b) the application of 
at least two feet (0,6 m) of cover material. 

"Provisional Certificate of Approval for Waste Disposal 
Site" was first issued on June 25, 1971 to the late E. Denby 
(father of the present site operator) . The Provisional 
Certificate was issued by the former Ontario Department of 
Energy and Resources Management and it expired after one 
year. The supporting information to the original applica^ 
tion to operate this solid waste disposal site dated Feb- 
ruary 10, 1971 indicated that: (a) the site was about 10 
acres in size, (b) location of the site was in a worked out 
portion of a sand and gravel pit the west side of which had 
a 40-foot (12 m) open face, (c) the refuse would be com- 
prised of 7 5 percent domestic and 25 percent commercial 
wastes, (d) the total daily disposal would be four tons, (e) 
the site would serve about 300 people and (f) the refuse 
would be disposed of in 4-foot (1.2 m) deep trenches with a 
maximum height of fill above ground surface of about 20 feet 
(6 m) , 

Periodic site inspections and reports subsequently 
revealed that the site was poorly operated; failure to cover 
and garbage burning were common practices. Provisional 
Certificates of Approval to operate this site continued to 
be issued on an annual basis to Denby and Sons Sanitation, 




Photo 1-. Looking southeast acrO'SS the floiodplain ot Thamee River , aliaO'St the entire study area is 
sho'wn by this photO'grap'h, 






1 . 4 Drainage and Topography 



The Thames River and its associated meltwater channels 
are deeply incised into morainic terrain. The floodplain is 
relatively narrow and valley sides are quite steep. Erosional 
valleys have developed perpendicular to the Thames River 
(Photo 1) . However, these are essentially dry and they are 
not developed in the floodplain areas due to the limited 
catchments and the permeable sand and gravel deposits which 
extend well up the valley sides. 

The landfill is located in one such erosional 
valley about 115 feet (35 m) above river level. Drainage is 
toward the northwest, and the Thames River is the focus for 
surface and groundwater discharges. Maximum relief in the 
area is about 300 feet (91 m) , The average topographic 
gradient is about 0,062 ft/ft. 



1.5 Previous Investigation 



A number of publications describing geologic aspects of 
the general area are available; a few of these are mentioned 
here but specific articles are detailed in the appropriate 
sections of the text. 

Caley (1941) mapped the Paleozoic rocks underlying the 
Woodstock area. More recently, information obtained from 
wells drilled for oil and gas has led to some revision of 
Caley 's contacts, particularly through the use of infor- 
mation outlining the topography of the bedrock surface 
beneath the glacial drift. Bedrock formations and their 
economic aspects are described in Hewitt (1960; 1964) . 
Sanford (1969) also mapped Paleozoic rocks underlying the 
area. 



Chapman and Putnam (1951) carried out small scale 
physiographic mapping and provided a synthesis of the de- 
glaciation of southern Ontario. A comprehensive report and 
maps dealing with Pleistocene deposits and their economic 
aspects in the Woodstock area have been recently published 
(Cowan, 1975) . 

Wicklund and Richards (1961) published a map and report 
of the agricultural soils of Oxford County. 

An interim report summarizing the investigation into 
gasoline contamination of private wells was published by the 
Ontario Ministry of the Environment (Pitts, 1972). This 
investigation was carried out in 1970 and included a small 
portion of the present study area. 



1.6 Field Work 



Field work with respect to this investigation commenced 
in April, 1976 after area residents approached this Ministry's 
Regional Office in London and complained that the quality of 
their domestic well water supplies had deteriorated. Field 
work consisted of collecting numerous water samples from 
domestic wells in the area, inspection of these wells, 
gathering information pertinent to well construction and 
examining the exact locations and positions of wells in 
relation to all the potential sources of contamination. It 
also included interviews of the local residents whose domestic 
wells are polluted and examination of the local geology and 
the landfill site operation. 

Figure 1 shows locations of the sampled domestic 
wells. They are concentrated on both sides of provincial 
highway 2. Four digit well numbers indicate those wells 



for which records are on file with the Ontario Ministry of the 
Invironment (MOE) . Wells numbered 1 to 18 inclusive are 
those for which there is no well record on MOE file, but 
for which chemical and bacteriological analyses are available. 



1 . 7 Geo 



1,7,1 Bedrock Geology 



Bedrock outcrops in the Thames River bed, but at the 
landfill site the bedrock is overlain by about 100 feet (30 
m) of surficial deposits. 

According to Hewitt (1960) , the bedrock formation 
within the study area is of Middle Devonian Age and is part 
of the Bois Blanc Formation, However, according to Sanford 
(1969) , the bedrock in the study area belongs to the Amherstburg 
Formation of the Detroit River Group. In this study the 
work of Hewitt has been adopted. According to Hewitt (1960) y 
the Bois Blanc Formation is about 125 feet (38 m) thick at 
Ingersoll (about 12 miles (19.2 km) southwest from the study 
area) and thins in a southerly direction. It consists of 
medium brownish- grey, medium crystalline, medium to thin- 
bedded cherty and highly fractured limestone. These strata 
are reported to dip to the southwest at a rata of about 25 
feet per mile (12 m per km) . 

In general, the bedrock surface in this part of 
the Province is south sloping and flat to gently rolling 
with few drainage indentations. However, in the study area 
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SYMBOLS 



^;:^^i Aquifer material resting on the bedrock 



-^_r Aquitard material resting on the bedrock 



• 911 Reference point with value of bedrock elevation above mean sea 
level (in feet) 



a^<y 



Bedrock surface contour in feet above mean sea level (interval 
10 feet ) 



FIGURE 2. BEDROCK GEOLOGY AND BEDROCK 
SURFACE TOPOGRAPHY. 
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and its vicinity a local bedrock valley is present and 
coincides with the present position of the Thames River with 
an elevation just below 900 feet (279 m; Figure 2) . Several 
hundred feet south of the study area a local dome-shaped 
bedrock structure occurs with an elevation a little over 
1000 feet (305 m) . 

In the study area, the bedrock surface slopes north- 
west, towards the Thames River (South Branch) , Where data 
are abundant, the minor irregularities of the bedrock 
surface become more apparent. Minor bedrock channels are 
associated with existing surface topographic "lows" which 
are perpendicular to the Thames River (Figure 2) . 



1.7.2 Surficial Deposits 



Surficial deposits of Pleistocene age mantle the bed- 
rock and form unconsolidated sediments in the area. The 
distribution of unconsolidated deposits is indicated in 
Figure 3 . 

The study area includes terrain referred to as the 
inter lobate zone, i.e. an area located in the central part 
of the southern Ontario peninsula affected by glaciers 
flowing out of the Huron basin, the Erie-Ontario basin and 
perhaps Georgian Bay (Cowan 19 75) . The net result of 
lobes alternately invading the inter lobate zone is an overall 
mixing of sediments originally having distinct source areas 
and lithologies and the production of lithologically similar 
tills. 

Surficial deposits are of Late Wisconsinan age and 
consist of silt to sandy, silt tills, glaciof luvial gravels. 
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FIQURE 3 . DISTRIBUTION AND THICKNESS OF SURFICIAL DEPOSITS. 
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sands with some silt, minor glaciolacustrine or pond deposits 
and modern alluvium. A description of surficial deposits 
identified in Figure 3 follows. 

Zorra Till is a very stiff, commonly fissile, stony, 
silt or sandy, silt till, locally quite clayey near its 
base (Photo 2) . It is usually leached of carbonates to a 
depth of about one foot and partially leached to a depth of 
3.5 feet (1.5 m) . Mean grain size falls within the coarse to 
fine silt range. The till is very poorly sorted. It occurs 
as ground moraine or in drumlins and is usually less than 20 
feet (6 m) thick. 

Ice-contact stratified drift consists mainly of gravel, 
sand and silt. These deposits directly underlies the Denby 
sanitary landfill site. 

Glaciof luvial outwash deposits occur as sand and gravel 
(Photo 3) in the terrace along the major meltwater channel 
in the area (now occupied by Thames River) . Gravel in these 
deposits varies from coarse cobble or boulder gravel, con- 
taining up to 2 percent sand, to fine pebble gravel and 
gravelly sand. Sorting is highly variable. Sands vary from 
very coarse to fine in mean grain size and are poorly sorted 
to well sorted (Cowan, 1975) » 

Glaciolacustrine or pond deposits are the results of 
deposition in small glacial lakes and the infilling of small 
postglacial ponds with slopewash or other locally derived 
materials. The delineation of these deposits in the study 
area is based on the information from water well records. 
These deposits are identified at three localities and 
confined within the small area (Figure 3) and consist of 
clayey silt. They may attain a thickness of up to 10 feet 
(3 m) . 



ft 




Photo 2. Zorra Till outcrops over considerable surface 
area and is classified as an aquitard - a part 
of till complex unit. 




Photo 3. Glaciof luvial outwash deposits occur in the 
terrace along the Thames River, This is an 
aquifer iiaterial and forms the surface gravel 
and sand unit. 
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Modern alluvium consists of silt, sand, gravel and some 
clay and occurs along the floodplain of the Thames River. 
These sediments are locally derived and reflect the nature 
of the surrounding glacial sediments in composition. They 
are usually less than 10 feet (3 m) thick. 

Throughout the study area, drift or overburden thick- 
ness varies from to 300 feet (0 to 91 m; Figure 3) . In 
the deeply incised Thames River Valley, drift generally 
ranges from 20 to 45 feet (6 to 74 m) in thickness; at the 
southeastern margin of the study area it reaches up to 3 00 
feat (91 m) in thickness. 



CHAPTER 2 



HyDROGEOLOGY 



2.1 Hydrostratigraphic Units 



The cross sections shown in Figures 4 and 5 illustrate 
the distribution of hydrostratigraphic units in the broader 
area of the landfill site and along provincial highway 2. 
Existing lithologic units were grouped according to their 
common hydrogeologic characteristics to form three distinc- 
tive hydrostratigraphic units. The term hydrostratigraphic 
unit is defined as bodies of rock with considerable lateral 
extent with common hydrogeologic properties. It should be 
pointed out, that much of the following discussion is based 
on geological and hydrogeological information obtained from 
water well records as completed by independent drillers, and 
thus may be subject to some errors of interpretation. The 
following four hydrostratigraphic units underlie the area. 



2,1.1 Bedrock Hydrostratigraphic Unit 



A few feet, or a few tens of feet of the upper part of 
the bedrock are permeable and are considered to comprise a 
single hydrostratigraphic unit. 

Bedrock is comprised of medium crystalline, thin-bedded 
cherty limestone. It is characterized by a fracture type 
of porosity irregularly distributed through the rock. The 
fractures in such type of rock are likely the result of ice 
stresses applied to the brittle rock. 
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Before the Pleistocene Epoch, the bedrock surface was 
exposed and subjected to extensive weathering. Atmospheric 
water containing carbon dioxide percolated through the 
original interstices, widening and deepening these joints 
and cracks by solution. During the Pleistocene Epoch the 
bedrock surface was overridden by successive ice sheets and 
was covered by glacial drift. 

In carbonate rock of this sort several types of open- 
ings commonly contribute to permeability: (1) vertical 
joints in the ancient weathered zone within 10 to 20 feet 
(3 to 6 m) of the bedrock surface, (2) bedding joints within 
and below the ancient weathered zone, (3) primary inter- 
granular permeability, perhaps enhanced by solution and (4) 
permeability of minor importance developed along leached 
gypsum stringers. 

Of 47 wells in the area, 29 have water well re- 
cords on file with this Ministry (Appendix A) , and all of 
these reportedly obtain water from the bedrock. Information 
from the water well records indicates that that depth of 
well penetration into the bedrock varies from 3 to 4 5 feet 
(1 to 13.7 m; Figure 5). Furthermore, when hydraulic heads 
in these bedrock wells are contoured, the uniform pattern of 
piezometric lines suggests continuity between all points. 
Therefore, it is reasoned that the upper several tens of 
feet of the bedrock represents a continuous artesian aquifer 
system. 



2.1.2 Till Complex Unit 



This hydrostratigraphic unit includes all tills of the 
study area whether exposed or buried. The silt to sandy 
silt Zorra Till {Photo 2) outcrops over a considerable 
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FIGURi 4 .VERTICAL SECTION A-a' SHOWING SEQUENCE AND DISTRIBUTION OF HYDROSTRATIGRAPHIC UNITS. 



S*ction location is shown in Figure 1 - 
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surface area. It is considered that the Zorra Till overlies 
clayey, silt Port Stanley Till. The stony, sandy, silt 
Catfish Creek Till may be buried over much of the area by 
both of the above tills. The textures of such silty and 
clayey tills causes them to have very low permeabilities 
and they are collectively classified as an aquitard. 
However, small lenses and beds of sand and gravel are pre- 
sent in these tills and may yield water sufficient for 
domestic needs. The thickness of this unit may reach up to 
300 feet (91 m) (Figures 3 and 4). 



2.1.3 Surface Gravel and Sand Unit 



This unit includes ice-contact stratified deposits con- 
sisting mainly of gravel and glaciof luvial outwash gravel 
and gravelly sand (Photo 3) , frequently overlain by several 
feet of sand and silt (Figures 4 and 5) . In some places it 
contains a considerable amount of silt which reduces permea- 
bility. Drillers have reported the thickness of this unit up 
to 47 feet (14 m) , but water has not been reported in any of 
the wells which had penetrated this granular material. This 
raises the question as to whether this highly permeable 
aquifer material is saturated or not. The likelihood is that 
it is unsaturated due to its hypsometric position. Because 
of the high permeability of this unit, it provides an ex- 
cellent conduit for pollutants originating at the ground 
surface to reach the bedrock aquifer. 



2.1,4 Glaciolacustrine Sediments 



Confined within a small area at the ground surface 
these deposits are comprised of clayey silt and may reach up 
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to 10 feet (3 m) in thickness. The importance of this unit 
is viewed as an attenuating medium for the septic tank 
effluent and for any other pollutants which may originate at 
the ground surface. The correlation between the presence 
of this unit and the amount of nitrate in corresponding well 
waters is established further on in this report. 



2.1.5 Recent Alluvial Sediments 



Mixtures of sand, gravel, silt and some clay comprise 
this unit which occupies a limited area along the floodplain 
of the Thames River, It may also contain channel and bar 
gravels overlain by floodplain silts, sands, and muck. This 
material is poorly sorted and has low permeability. 



2 . 2 Groundwater Flow in the Bedrock 



In order to have flow in a groundwater reservoir, the 
water must have an initial store of mechanical energy in the 
form of fluid potential (Hubbert, 1940) . Hence, groundwater 
flows under the influence of gravity following the most 
direct route from points of higher potential to points of 
lower potential. Contours of equal potential in the bedrock 
aquifer system give the direction of groundwater flow as 
well as the distribution of recharge and discharge zones. 

Information obtained from water well records penetrating 
bedrock and filed with the Ontario Ministry of the Environment 
(MOE) were used to infer directions of groundwater flow in 
the bedrock aquifer. 



Potential distribution in the bedrock aquifer as in- 
ferred from water well records is shown in Figure 6. It 
indicates that the landfill site is located in a recharge- 
transient zone of the bedrock aquifer system. Groundwater, 
generally moves downward and then horizontally in a north- 
westerly direction. The Thames River is considered to be 
the discharge zone for the bedrock aquifer flow system in 
this area. 

Figure 6 also indicates that the deeply incised "valleys" 
into overburden deposits influence the hydraulic head dis- 
tribution in the bedrock aquifer system. This situation is 
apparent in the area between the Denby landfill site and the 
Thames River (Figure 6), where the potentiometric contours 
have formed a local "potentiometric valley" which is more 
pronounced than the physiographic valley at the ground 
surface. 



2.3 Hydrogeology in the Vicinity of the Denby 
Landfill 



The vertical cross section shown in Figure 4 
illustrates the distribution of geological and hydrogeol- 
ogical units at and below the landfill site and in the 
nearby wells. It is not certain, however, whether the till 
complex unit is continuous as shown in Figure 4 . The 
location of well No. 2204 which indicates the absence of the 
aquitard material at the bedrock surface has not been con- 
firmed. Therefore, information from this well has not been 
utilized in constructing Figure 4. 
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Information from water well records indicates the 
absence of water in the overburden in the vicinity of the 
landfill site and in the study area in general. It is 
therefore reasoned that the same situation prevails at the 
Denby landfill (Figure 4). Hence, the refuse was initially 
buried in trenches probably less than 10 feet (3 m) in depth 
under unsaturated conditione. However j, a large amount of 
solid wastes were deposited at and above ground surface, 
then compacted and covered by granular material (Photo 4) . 

As shown by studies in Illinois (Hughes, Landon and 
Farvolden, 1971) , infiltration through landfill covers does 
occur resulting in groundwater mounds within the landfill. 
Evidence of mounding at the Denby sanitary landfill site has 
not been observed. However, slight leakage and ponding of 
"leachate" was observed in the northwestern portion of the 
landfill site (Photo 4) . A fluid sample was collected from 
this point (2L in Figure 1 and Appendix C) and analysed. It 
is considered that this occurrence of "leachate" at the 
ground surface was of a local significance only and was not 
a part of an extensive groundwater mound development. 

The movement of leachate from the refuse toward the 
bedrock constitutes a pollution hazard for the bedrock 
aquifer system. The thickness of granular material at the 
Denby site is about 40 feet, while the underlying till 



deposits are about 60 feet in thickness. Assuming a per- 

s 

•6 



_3 

meability of the granular material of 5.5 x 10 cm/sec and 



a permeability of the till complex unit of 1.0 X 10 
cm/sec, the travel time for leachate to reach the bedrock is 
about 9 years. This calculation assumes that the values of 
permeability apply over the entire thickness of the respective 
hydrostratigraphic units and that the leachate moves downward 
vertically. However, it is reasoned that the lateral movement 
of leachate toward the Thames River occurs before it initially 
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Photo 4. The Denby landfill site looking north. Refuse 

is piled up and compacted in the northern portion 
of the site and periodically cover with sand, 
silt and gravel. 











Photo 5, Septic tank effluent is spread on the land 
during the winter months also. 
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reaches the bedrock. The interface between the silty gravel 
and sand unit and the underlying till unit is most likely 
the zone where lateral movement of leachate first occurs. 
The movement of leachate is futher influenced by: (a) the 
thickness of the saturated zone in the overburden, (b) the 
presence or absence of aquitard material resting directly on 
the bedrock and (c) by anomalous hydraulic head distribution 
in the bedrock aquifer system. Whichever complex path 
leachate movement takes, there is no doubt that the general 
direction is toward the Thames River, which is considered to 
be a discharge zone of the bedrock aquifer system. 



CHAPTER 3 



GENERATION, ATTENUATION AND MOVEMENT OF LEACHATE 



The physieo-chemical interaction between the leachate 
and the intervening glacial materials renovates the leachatB 
and thereby reduces the impact on groundwater quality. The 
evidence shows that attenuation does occur as the leachate 
passes through the overburden, however this process appears 
to be insufficient to totally renovate the leachate with the 
result that the leachate enters the bedrock aquifer and 
pollutes the potable water supply. 

A minor amount of leachate is derived shortly after 
emplacement of refuse during the initial compaction and 
settlement; however, most of it is produced at a later time 
when decomposition of the refuse reaches its maximum. The 
intensity of refuse decomposition depends on the initial 
waste composition, the presence or absence of oxygen, the 
time of burial, the age of the landfill, the degree of 
compaction, the temperature and the moisture content (Hughes, 
Landon and Farvolden, 1971) , Water originating from pre- 
cipitation will accelerate decomposition and will leach 
various organic and inorganic substances present in the 
refuse. The decomposition of refuse is aerobic in the early 
stages , but soon becomes anaerobic . 

In the course of the migration through the ground the 
leachate is attenuated by dilution due to the infiltration 
of uncontaminated water, ion exchange, dispersion, diff- 
usion, mechanical filtration, sorption, chemical precipita- 
tion, gaseous exchange and microbial activity. Although 
research is currently in progress in this regard, it is not 
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2,7 



yet possible to understand fully the manner in which these 
attenuation processes function .Fine-grained sediments have 
a high capacity for attenuating contaminants^ whereas sands 

and gravels have a lesser capacity. The rates of groundwater 
flow throiugh fractured rocks are relatively high^ but the 

rock can attenuate relatively small amounts of the compo'nents 
of the landfill leachate. 

A literature review on the impact of leachate on ground- 
water quality reveals that the most obviO'US changes to^ be 
expected are increases in total hardness^ alkalinity^ 
calcium, magnesium,^ sodium, potassium,^ chloride and sulphate 
(Zonini, 1973). Other parameters such as iro^n,^ chemical 
oxygen demand (COD) and biological oxygen demand (BOD) may 
also show increases. Results of a recent investigation 
shows increases in total organic carbon (T0€) , tannins and 
lignins and phenols but decreases in sulphate concentrations 
in conjunction with the presence of sulphate reducing bacteria 
in those wells affected by landfill leachate (Novakovic, 1976). 

The mO'St impO'rtant gases generated by the landfill are 
carbon dioxide, methane, nitro^gen and oxygen. They are 
released both to the atmosphere thro'ugh cover material and 
tO' the surrounding ground and grO'Undwater . 

If the refuse in a landfill is placed above the water 
table then the amount of leachate produced will be approximately 

equal to the amount of infiltration into the landfill. In 
this area, there is a difference of approximately 12 inches 
(30 cm) between the average annual precipitation and the 
mean annual potential evapotranspiration. Considering that 
permeable granular material has been used to cover the solid 
wastes it is co^nsidered the 12 inches (30 cm) of infiltra- 
tion is realistic. Applying this value over the 4-acre (1.6 
ha) site would result in the productiO'n O'f 2 igpm (0.15 
1/sec) of leachate on a continuous basis. 



CHAPTER 4 



GROUHD WATER QU AL I T Y 



In order to establish groundwater quality in the area 
of the landfill site, a water quality survey of the bedrock 
aquifer commenced in April, 1976, No special investigation 
such as drilling and establishing water quality inonitoring 
wells at the landfill was carried out. Instead, the existing 
domestic wells completed into the bedrock were used to 
obtain water samples from the bedrock aquifer system. 

In this section, reference is made to several of the 
existing wells by their particular number as they are shown 
in Figure 1. This is more practical than referring to the 
owner of any particular well. The corresponding names of the 
well owners are given in the Appendices of this report. 

The summary of the chemical analyses is provided in 
Appendices B and C, while the bacteriological analyses are 
summarized in Appendices F and G. 

Several wells which penetrated more than 15 feet (4,5 m| 
into the rock reported sulphurous water at the time of well 
completion, including 220 7, 2210, 2280 and 3 582. 



4.1 Previous Investigation into the Contamination 
of Domestic Wells in the Study Area 



The report entitled "Gasoline Contamination of Private 
Wells, Township of West Oxford" (Pitts, 1972) was issued by 
the Ontario Ministry of the Environment, The report summ- 
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arizas findings of an investigation into gasoline contam- 
ination of domestic wells carried out in 1970. The area 
investigated includes a portion of the present study area 
and extends about 1200 feet (3 66 m) east and 8 00 feet (244 
m) west along highway 2 from the junction of the landfill 
access road to the Denby site and highway 2 (Figure 1), 

The former report indicates three possible sources of 
gasoline, however the source of gasoline which had affected 
these domestic wells was not identified. 

The report also concludes that increases in nitrate 
observed in a number of domestic wells likely originated 
from 3 

Ij Domestic septic tank effluent, 

ii) Spreading of the septic tank effluent on the land 
(as indicated in Figure 1 of this report; Photo 5) 

ili) Disposal of septic tank effluent in the abandoned 
gravel pit (presently the Denby landfill site) . 

iv) A manure pile located at the southwest corner of 
the junction of highway 2 and the access road to 
the landfill. 

The last three possible sources of nitrate contamina- 
tion were owned or operated by the late E. Denby of R. R. # 
1 Woodstock (of Denby and Sons Sanitation) • 

The report also notes that several domestic wells 
located north of highway 2 contained abnormally high con- 
centrations of chloride due to road salt utilized on the 
highway. 



4.2. Potential Sources of Groundwater Contamination 



The characterization of background water quality in the 
bedrock aquifer is complicated by the present ongoing chem- 
ical reactions in the bedrock aquifer and by the existence 
of several potential pollution sources in the area. Some of 
these sources have been there for many years. These include i 

1. Septic tank effluent disposal fields 
associated with every household, 

2. Application of salt to highway 2 which passes 
through the residential area. 

3. Operation of the Denby sanitary landfill site. 

4. Spreading of septic tank effluent on the parcel of 
land located close to the domestic wells of several 
residences (Photo 5) . 

5. The barn manure and its associated pollutants, 
located uphill and upgradient of several residences. 

6. The landfill leachate collected from the Denby 
sanitary landfill and disposed of in the wooded 
area southwest of the landfill site. 

7. Installation of a private water treatment unit by 
several residents in the study area, which increases 
the concentration of sodium and chloride in the 
consumed water. Such water enters the groundwater 
system through septic tank disposal fields. Where 
water treatment is used, a representative water 
sample could not be obtained. 
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CAHON 
TRIANGLE 



ANION 
TRIANGLC 



EXPLANATION 



ANALYSES OF WATER 

SYMBOL DATE SAMPLED 

Q 07/ 07/ 70 , 30/ 0^ 70 , or 

14/12/70 
• 21/04/76 or 08/06/76 

O 30/09/76 or 04/l0/76 

& 04/11/76,15/11/76, or 

23/11/76 



Water well number ; location is shown in Figure 1 



ANALYSES OF LEACHATE 
SYMBOL DATE SAMPLED 

A 04/1 1/76 and 23/ll/76 



FIGURE 7. HYDROGEOCHEMISTRY OF WATER FROM BEDROCK AQUIFER 

AND OF LANDFILL LEACHATE. 



Further analyses demonstrated that the last three 
potential sources of pollution have had no discernible 
effect on groundwater quality. However, the first three 
pollution sources and to a lesser extent the fourth source 
are adversely affecting water quality in the bedrock. 



4.3 Deterioriation of Water Quality in the Bedrock 

Aquifer 



The chemical analyses are presented in three modes: (1) 
the complete chemical analyses (those which include major 
cations and anions) are plotted on the tri linear diagrams 
(Piper, 1964) in Figure 7, (2) the complete chemical analyses 
are plotted on the semi-logaritmic diagrams (Figures 8 and 
9, and Appendix D) as introduced by Schoeller (1937) and (3) 
each chemical constitutent is plotted in the chronological 
order of sampling on maps (Figures 10 to 14 and Appendix E) . 

One of the more obvious indicators of groundwater 
pollution is Ghemical oxygen demand (COD) , This parameter 
is shown first in Figure 10 because it gives an instant 
overview of the number of wells whose quality has been 
affected. They are generally concentrated around the junction 
of the landfill access road and highway 2. 

The chemical quality of water from wells located east 
of an imaginary line parallel with the landfill access road 
is similar. This portion of the study area is designated as 
subarea 1 (Figure 1), and is discussed separately. 



4.3,1 Subarea 1 



As expected, the water chemistry plotted on the Piper 
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FIGURE 8. SEMI-LOGARITHMIC DIAGRAM OF THE CHEMICAL ANALYSES OF WATER 

FROM THE BEDROCK AQUIFER. 
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diagram indicates groundwater in the bedrock aquifer to be 
calcium-bicarbonate in type (Figure 7) , No substantial 
changes in water quality occurred in the wells monitored 
during 1976, however the diagram does indicate that the 
chemical analyses from several wells fall within the central 
portion of the rhombohedron . These wells are confined 
within a small area along highway 2 and the majority of them 
are located on the north side (downslope) of it. A further 
examination of these analyses indicates that they contain 
relatively large amounts of sodium and chloride which are 
components of common salt. 

An examination of chloride and sodium concentrations in 
domestic wells from subarea 1 reveals that they are elevated 
during late spring and early summer (Figure 11) . However, 
the concentration gradually decreases during the summer and 
early autumn indicating a non-permanent source. It is 
therefore postulated that chloride and sodium are indirectly 
introduced into the bedrock aquifer system by highway de- 
icing during the winter months. The fact that the concen- 
trations of sodium and chloride decrease at varying rates 
from their spring-time peaks is explained by: (i) varia- 
tions in local lithology (ii) variation in the intensity and 
occurrence of precipitation (iii) distances of the various 
wells from the road (iv) differing topographic gradient and 
(v) differing groundwater gradients. 

Increases in sodium and chloride concentrations in 
groundwater are reflected by the position of the chemical 
analyses on the triangular diagram in Figure 7. Using 
chloride and sodium as indicators of groundwater pollution 
originating from salt used on the road, wells designated by i. 

the following numbers (Figure 1) have been affected: 1, 4, P 

2276, 2210, 2879, 3680, 5, 3069, 2202, 11, 2200. The degree 



to which these wells have been affected varies, but the |" 
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FIGURE 9. SEMf-LOGARITHMIC DIAGRAM OF THE CHEMICAL ANALYSES OF WATER 
FROM THE BEDROCK AQUIFER AND OF LANDFILL LEACHATE. 



M 



concentration of chloride and several other chemical con- 
stituents in number of these wells does exceed the recomm- 
ended limit of 250 mg/1 for drinking water set by the Ministry 
of the Environment (1973) . 



4,3.2 



Subarea 2 



'This area includes wells located west of the landfill 
acceis road (on both sides of highway 2) and it is bounded 
on the west by an imaginary northwest- southeast line passing 
approximately through well 15 (Figure 1) . 

The concentrations of chloride and sodium in the wells 
located in this subarea show an entirely different pattern 

than wells located in subarea 1 (Figure 11) . Both chloride 
and sodium are slightly increased above the background 
concentrations, which are approximately 5 mg/1 for chloride 
and 4 mg/1 for sodium. However, during the monitoring 
period (from April to November, 1976) very slight variations 
(decrease then increase) of both ions were observed, indicating 
a persistent source (Figure 11) . 



Another difference from wells in subarea 1 is the 
increased concentrations of iron and phenols in all wells 
located in this subarea (except in those located north of 
Highway 2, Figure 10). The degree to which the water quality 
in these wells has changed varies throughout the year and it 
also depends on the locations of particular wells. The 
greatest changes are experienced in well 12. This well 
seems to be located in the "main avenue" of the movement of 
polluted groundwater. 

Analyses of the local hydrogeological environments and 
the distribution of the hydraulic potential in the bedrock 
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FIGURE 10. HYOROGEOCHEMICAL MAP OF CHEMICAL OXYGEN DEMAND (A), TOTAL 
IRON (B) AND PHENOLS (C) DISTRIBUTION IN THE BEDROCK AQUIFER 
AND IN THE LANDFILL LEACHATE. 



aquifer (Figure 6) supports the pattern of groundwater 
quality changes observed in the domestic wells in subarea 2, 
Hence, the deterioration of groundwater quality in subarea 2 
is due to the introduction of landfill leachate components 
into the groundwater. The leachate is being generated at 
the Denby landfill. The sequence and the distribution of 
the hydrostratigraphic units at the landfill and in the 
nearby wells (Figure 4) explains why the water quality in 
well 3582 (the nearest to the landfill) has not deteriorated 
as badly as that in well 12. Although the 10 feet (3m) of 
silty clay (till complex unit) resting on the bedrock surface 
was reported in only two wells along the line of cross 
section shown in Figure 4 , it is certain that its presence 
plays an important role in defining the movement of the 
leachate and in determining the impact of leachate on water 
quality in nearby wells and in the carbonate aquifer in 
general , . 

That the components of landfill leachate are moving 
towards the Thames River is supported by other observations. 
For example, tannins and lignins were detected only in the 
well nearest to the landfill (well 3 582) . Furthermore, 
analyses of the soil samples taken from the well pit (well 
3582; about 6 feet (1.8 m) below ground surface) indicates 
the presence of hardness, phenols, iron and sulphate in 
higher than normal concentrations. This soil enrichment in 
these chemical parameters is due to the leachate which has 
moved through it . 

Although it is difficult to assess the degree to which 
individual domestic wells have been contaminated by landfill 
leachate, it is considered that the following wells (Figure 
1) represent the core of the adversely affected areas: 
3582, 12, 13 14, 2203, 2211 and 15. This contamination is 
experienced to a lesser degree in the wells located on the 
periphery of subarea 2 such as in wells 2280, 2206, 2208 and 
perhaps 2200. 
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FIGURE 11 . HYDROGEOCHEMICAL MAP OF CHLORIDE (A), SODIUM (B) AND 
POTASSIUM (C) DISTRIBUTION IN THE BEDROCK AQUIFER AND 
IN THE LANDFILL LEACHATE. 



In several of the affected wells the concentrations of 
iron, phenols, total dissolved solids and total organic 
carbon exceed the recommended limits for drinking water 
(Figures 10, 13 and 14) . 



4.3.3 Schoeller Chemical Diagrams 



The Schoeller plot (Schoeller, 1937) , depicts the 7 
major dissolved ions on equidistant verticals. By joining 
the points on the vertical lines a single analyses is re- 
presented in linear fashion. Waters of similar composition 
plot as nearly parallel lines. This graph is especially 
useful for comparing waters which do not differ greatly in 
composition. 

Two Schoeller plots, shown in Figures 8 and 9 were 
prepared from the analytical results of waters collected 
from wells in the study area in September or October, 1976 
and November 1976. The complete chemical analyses collected 
on other dates are also presented by use of Schoeller dia- 
grams and are shown in Appendix D. In these diagrams 
contaminated well waters are identified by convex traces of 
analyses from wells 2879, 3680, 4, 3069 and 5. However, 
deviations from the general pattern are often due to changes 
in the local lithology, or to the presence of sulphate 
reducing bacteria in the wells. Such is the case in well 12 
in Figure 8 and in the leachate sample lL(a) in Figure 9. 
Mixing of the background quality water (containing low 
sodium chloride concentrations) with the sodium chloride 
water is apparent in the systematically decreasing slopes of 
the lines representing the water quality. 
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FIGURE 12. HYDROGEOCHEMICAL MAP OF HARDNESS (A), CALCIUM (B) 

AND MAGNESIUM (C) DISTRIBUTION IN THE BEDROCK AQUIFER 
AND IN THE LANDFILL LEACHATE. 



Background water quality is represented by chemical 
analyses from wells 3092, 4002 and 2201 (Figure 9). The 
concave-shaped diagrams of the chemical analyses from these 
wells is apparent. 



4.3.4 Nitrates and Potassium Concentrations in the 

Bedrock Aquifer 



Nitrate is the end product of the aerobic stabilization 
of ammonia, organic nitrogen and nitrate, and as such it 
occurs in polluted waters that have undergone aerobic bio- 
logical processes. Nitrate also occurs in percolating 
groundwater as a result of excessive applications of fert- 
ilizer or leaching from septic tank systems. 

The Ontario Ministry of the Environment's Guidelines 
and Criteria (1973) for drinking waters recommends a limit 
of 10 mg/1 nitrate as nitrogen. This limit was established 
because of the relationship between high nitrates in water 
and infant methemoglobinemia. 

Infant methemoglobinemia, a disease characterized by 
certain specific blood changes and cyanosis, may be caused 
by high nitrate concentrations in water used for preparing 
feeding formulae. It seems likely that not all infants are 
susceptible to nitrate poisoning, but some are predisposed 
to it by physiological conditions. Many well waters con- 
taining over 500 mg/1 of nitrate, as nitrogen have never 
been linked with reported cases (McKee and Wolf, 1963). 

The background concentration of nitrate in unaffected 
wells is less than 0.01 mg/1. However, in many sampled 
wells it shows a considerable increase, the highest reported 
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concentration being 8,1 mg/1 (Figure 14). The elevated 
concentration of nitrate in domestic wells is indirectly 
related to the leaching of septic tank effluent into the 
bedrock aquifer . 

Potassium also shows an increase in numerous domestic 
wells. The background concentration of potassium in un- 
affected wells is up to 1,0 mg/1 whereas the highest re- 
ported concentration of potassium in a contaminated well is 
16.2 mg/1 (Figure 11) . Both nitrate and potassium show 
similar trends in the wells such as; (1) both parameters 
increase downgradient from the sampled septic effluent 
disposal fields, (2) where the low permeability sediments 
are present (either resting on the bedrock, or at the ground 
surface) no significant increase in either chemical parameter 
occurs. The same situation applies to organic nitrogen, 
which, in many wells exceeds the recommended limit of 0.15 
mg/1 for drinking waters (Figure 14) . This is obvious 
supportive evidence that the sources of these nitrogen 
compounds and potassium are related to domestic septic tank 
systems. 

It is also noted that there is no obvious increase in 
nutrients and potassium in the wells located in the immed- 
iate vicinity of the portion of land used for spreading of 
the septic tank effluent. This leads to the conclusion that 
this practice has had no discernible effect on the quality 
of the bedrock aquifer system. 

It has been calculated that the residents in the study 
area (excluding the Dorland Subdivision) generate 51,150,000 
lb/year (23,250,000 kg/year) of domestic sewage. After it 
passes through field tile beds this effluent contains 3.4 
mg/1 of organic nitrogen and 17 mg/1 of nitrate (Bond, 
Straub and Prober, 1974), Using these figures, the calculation 
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shows that a yearly input into the bedrock aquifer froiB 
these sources is 176 lb (80 kg) of organic nitrogen and 
880 lbs (400 kg) of nitrate. 

The Goncentrations of the nutrients and other Ghemical 
species entering the bedrock aquifer are controlled by: (1) 
the dilution capabilities of the aquifer itself, (2) dilu- 
tion by a large amount of infiltration reaching the aquifer 
through overlying gravel and sand deposits, (3) dilution by 
a large amount of groundwater which flows from upgradient 
direction through the study area and discharges into the 
Thames River and (4) numerous additional attenuating processes 



4,4 Additional Interpretation of Groundwater Quality 



The hydrochemical distribution suggests that the 
dominant controlling mechanisms may be: (1) dilution, (2) a 
combination of carbonate buffering and sulphate reduction 
and (3) the existing hydrogeologic framework. However the 
observed changes in groundwater chemistry point to a minor 
chemical reaction which may be partially superimposed on the 
carbonate equilibrium system. 

The chemical reaction which is taking place in several 
wells is sulphate reduction. This process is incompletely 
understood and depends in part on the form of available 
organic carbon. Interpretative difficulties are experienced 
here due to the reported natural presence of hydrogen 
sulphide in several wells. Nevertheless, the correlation 
between sulphate concentration and the presence of sulphate 
reducing bacteria has been established (Appendix E) in 
several wells, including two wells located close to the 
landfill site (wells 12 and 3 582 in Figure 1) . This con- 
firms earlier findings (Novakovic, 1976) that the reducing 
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environment within the landfill has been introduced into the 
bedrock aquifer and has engulfed the nearest domestic wells, 
thus stimulating the observed ongoing sulphate reduction. 

The increases in hardness, alkalinity, total dissolved 
solids and to a minor extent calcium and magnesium (Figures 
12 and 13) are related to the introduction of salt compon- 
ents in subarea 1 and by the introduction of landfill 
leachate in subarea 2 . The highest reported concentrations 
of these components in the monitored wells was in late 
spring and early summer. The decreasing concentrations in 
total hardness, alkalinity and total dissolved solids towards 
the late autumn is not supported by an apparent decrease in 
calcium and magnesium concentrations. It is reasoned how- 
ever, that this inconsistency is associated with the cal- 
cite-dolomite equilibria in the carbonate aquifer. 



CHAPTER 5 



DISCUSSION AND CONCLUSIONS 



Several residents in the study area have experienced 
serious deterioration of their well water quality. Their 
complaints to the London Regional Office of this Ministry 
resulted in an extended well water sampling program. The 
analytical results of this program have indicated that there 
are three measurable sources of the carbonate aquifer pollution 
(1) the Denby landfill, (2) salt used to remove the ice from 
provincial highway 2 and (3) septic tank effluent. There is 
evidence that pollutants originating from these sources are 
entering the bedrock aquifer system, resulting in contamination 
of individual domestic well water supplies. 

Water quality impacts from de-icing operations and from 
septic tanks effluent were noted in a 1972 Ministry's report 
and have likely been affecting local water supplies for some 
considerable period. The introduction of leachate from the 
Denby landfill, however is a relatively recent and highly 
visible occurrence causing unpleasant taste and odours as 
well as discolouration of well water supplies. While all 
three sources are responsible for identifiable pollutants in 
local water supplies, the landfill leachate must be regarded 
as the most critical input. 

The wells sampled are located in the area overlain by 
gravel and sand deposits of glaciof luvial origin that are 
highly permeable. Underlying this surficial material at 
depths ranging from 15 to 4 7 feet (4.5 to 14 m) is highly 
factured limestone bedrock of the Bois Blanc Formation of 
Paleozoic age. The bedrock aquifer from which all sampled 
wells obtain water yields hard, but good quality water. 
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However, hydrO'gen sulphide was reported in several wells at 
the time of their completion. The potable bedrock groundwater 
is particularly vulnerable to the infiltration of pollutants 
because of the permeable nature of the overburden materials. 

There is no evidence as to whether the permeable mat- 
erial is saturated ox no't . GrO'Undwater movement in the 
bedrock aquifer system is in the northwesterly direction 
with the Thames River as the discharge zone. Hence, the 
Denby landfill is situated such that it is a potential 
source of pollution to those water wells located downgradient 
from it. 

The contaminated wells contain anomalously large con- 
centrations of iron^ phenols, chemical oxygen demand, total 
organic carbon, chloride, sodium, potassium, hardness, total 
dissolved solids and organic nitrogen. 



5,1 Iron 



It is characteristic for the wells in the immediate 
vicinity of the landfill to exhibit an increased iron con- 
centrations. The recommended limit of 0.3 mg/1 of iron is 
exceeded in these wells; however, in several wells located 
in the broader area, the natural concentration of iron is 
also elevated. Limits of iron in drinking water are not 
based upon physiological considerations, since iron in trace 
amounts is essential for nutrition. Indeed, large quan- 
tities of iron are taken for therapeutic purposes. The 
daily nutritional requirement is 1 to 2 mg and most diets 
contain 7 to 35 mg per day with an average of 16 mg. 



The limit of 0.3 mg/l is based on esthetic and taste 
considerations. Iron tends to precipitate in hydroxide form 
and stain laundry and porcelain fixtures. It has also been 
reported that ferric iron combines with the tannin in tea to 
produce a dark violet colour. The highest reported iron 
concentration in a contaminated well is 4.4 rag/1. 



5,2 Phenols 



The ingestion of concentrated solutions of phenols can 
result in severe pain, renal irritation, shock and possibly 
death. It is not likely, however, that harmful concentra- 
tions of phenols will be consumed in drinking water because 
such concentrations are much higher than taste considera- 
tions would allow. A permissible limit for the concentra- 
tion of phenolic compounds of 0.001 mg/l has been set be- 
cause of tastes resulting from the action of chlorine on 
such waters. 

The domestic wells in which phenolic compounds are 
present are confined to a small area immediately downslope 
from the sanitary landfill site. The highest reported 
concentration of phenols in a contaimedated well was 0.049 
mg/l. 



5.3 Chloride 



Chloride ions are present in all natural waters and 
because of their physico-chemical characteristics they are 
transported by water through most rock materials, undergoing 
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relatively little retardation or loss. While the chloride 
concentrations in several sampled wells exceed the taste 
threshold, it is doubtful that the choride ion itself is 
physiologically harmful at anything but extremely high 
concentrations. Chloride criteria applied by various reg- 
ulatory agencies seem to be based primarily on taste thres- 
hold values. In general, it is assumed that it is the 
cations (calcium, magnesium, sodium or potassium) associated 
with chloride that produce a harmful effect. Background 
chloride concentrations in the study area average 5 mg/1 
which is approximately 84 times less than the concentration 
of chloride in the well most affected by road salting but 8 
times less than in the wells affected by the landfill. 



5.4 Sodium 



Sodium too is found in measurable amounts in all nat- 
ural waters. It does, however, enter into ion exchange 
reactions making it unsuitable as a tracer ion. Large 
concentrations of sodium ions in drinking water may be 
harmful to persons suffering from cardiac, renal and cir- 
culatory diseases. While recommended limits vary from 10 to 
115 mg/1 it should be assumed that water from several of the 
affected wells (maximum reported sodium concentration was 
290 mg/1) may be considered unfit for human consumption 
where "salt free" diets have been recommended by physicians. 



5.5 Hardness 



The increased hardness of water in the study area is 
directly related to the entrance of excess sodium, chloride, 
calcium and magnesium ions into the aquifer. In general. 



the water in the study area is hard. With an increase of 
hardness due to the introduction of several chemical para- 
meters in the carbonate aquifer system, the water has become 
excessively hard, and by some standards unsuitable for 
general domestic purposes. Hard water requires a consid- 
erable amount of soap to produce lather, and it usually 
deposits scale in hot water piping systems. Physiologically, 
however, hardness is not considered to be harmful to health. 

Several residents have begun to use water softeners as 
a result of the increased hardness. In the water softener, 
calcium and magnesium ions are exchanged for sodium ions. 
Thus, softening water causes an increase in sodium ions. 
The discharge of this softened water water via septic tank 
systems into the aquifer results in further ion exchange 
reactions, and therefore a slight increase of hardness in 
the aquifer waters may be expectedt 



5,6 Mitifate and Organic Nitrogen 



Increased concentrations of nitrate and organic nitro- 
gen in the bedrock aquifer, in the absence of excessive use 
of fertilizer applications must be related to the leaching 
of septic tank effluent into the aquifer. In almost every 
sampled well, the concentration of the organic nitrogen 
(total kjeldahl minus free ammonia equals organic nitrogen) 
exceeds the recoiranended criterion of 0.15 mg/1 set by this 
Ministry. However, the concentration of nitrate does not 
exceed the recommended limit of 10 mg/1 for drinking water 
in any of the sampled wells. Concentrations of nitrate over 
the recommended limit is of concern because infant methemo- 
globinemia (blue babies) , irritation of the mucous linings 
of the gastrointestinal tract and bladder and symptoms of 
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diarrhea and diuresis are all linked to the presence of 
excessive nitrate in drinking water (McKee and Wolf, 1963). 
The source of increased organic nitrogen and nitrate con- 
tamination are local septic tank systems, however it is also 
possible that a small amount of nitrate may originate from. 
the spreading of septic tank effluent practiced on a nearby 
portion of land. 



5.7 Conclusions 



Calculations have shown that a large amount of water 
originating from precipitation infiltrates into the bedrock 
aquifer and that a considerable amount of groundwater flows 
through the affected area. These waters dilute the contam- 
inants originating from the landfill and the other sources 
of pollution, therefore lessening the degradation of dom- 
estic water supplies and of the carbo^nate aquifer system in 
general. The supportive evidence of a relatively short 
flush-out time for the bedrock aquifer system is that pet- 
roleum hydrocarbons reported to be present in several wells 
in 1970 were not detected in the samples collected from the 
same wells in 197 6, 

Through the use of the Piper and Schoeller diagrams and 
maps showing the distribution of various chemical constit- 
uents, it has been demonstrated that the contaminants orig- 
inate from three sources: (1) landfill leachate, (2) road 
salting and (3) septic tank effluent. A relatively small 
amount of nutrients originating from septic tank effluent 
spreading on the land may also be entering the bedrock 
aquifer system. 

It is our opinion that Section 17 of the Ontario Environ- 
mental Protection Act, 1971 and Sections 31 and 32 of the 
Ontario Water Resources Act, 197 have been violated. 
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The presence of the Denby sanitary landfill site poses 
a further threat to other domestic wells in the area because 
the pollution front is expected to continue to spread and to 
adversely affect additional domestic water supplies. The 
continuation of salt application to the road during the 
winter months will continue to elevate chloride and sodium 
levels in domestic wells particularly during the late 
spring and early summer. 



CHAPTER 6 



ALTERNATE SOURCES OF WATER SUPPLY 



There are several alternatives available to restore 
affected water supplies. These include: 

lii Reverse osmosis equipment could be installed to treat 
drinking and cooking water supplies. However this 
would be an expensive alternative and it may not guarantee 
the total removal of phenols. 

1, Water could be hauled to the residences. However, this 
alternative is not a permanent solution of the problem 
which will persist for several years to come. 

It Suitable water supplies for domestic purposes could be 
obtained from a deeper bedrock aquifer. In this case, 
wells may yield water having a strong hydrogen sulphide 
odour, but otherwise water would be of suitable quality 
for domestic use. The hydrogen sulphide could be 
removed by appropriate treatment. A special well 
construction technique and procedure would be required 
if this alternative is pursued in order to shut out the 
shallow polluted water. The extent of a deeper bedrock 
aquifer in this area is not known, however. 

i» A communal bedrock well could be constructed. The well 
should be located in an area where: (a) the bedrock 
aquifer is unaffected from the quality point of view, 
(b) the bedrock aquifer is protected by at least 20 
feet (6 m) of overlying clayey material, (c) the pollution 
potential is minimal and (d) a sufficient elevation is 
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present so that gravitational feed is possible. The 
area southeast of the Borland Subdivision would meet 
all these requirements. Well yield and water quality 
should be supported by a pumping test and chemical 
analyses. The difficulties concerning maintenance and 
control in establishing a private water supply system 
might be solved by incorporating it into the existing 
water supply system serving the Dor land Subdivision , 

ii Since the affected domestic water supplies are located 
on the outskirts of the City of Woodstock the extension 
of the water main into the area of affected residences 
is an alternative. 

The alternatives for restoring affected domestic water 
supplies should be also weighed by both economical and 
time factors . 



CHAPTER 7 



RECO'MMENDATIONS 



It is recomm,en;ded that the operator of the Denby san- 
itary landfill site terraiiiate use of the present site. In 

order to lessen potential contamination of neighbouring 
domestic wells and of groundwater in general, it is recomra,ended 
that efforts be directed tO' reducing the amount of leachate 
which the site generates. In this regard, a planted and 
compacted clay cover (instead O'f sand and gravel presently 
used) is recommended to^gether with an appropriately contoured 
and finished grade and a planted vegetative cover. This will 
reduce infiltration into the landfilled wastes and the. 
generatiO'n O'f leachate . 

In order to minimize the amo'unt of leachate entering 
the bedrock aquifer the existing leachate collection system 
should be improved and its operation better maintained. 

Although there is no direct evidence that the spreading 
of the septic tank effluent on the land has affected water 
quality in any sampled well in the area, it is recommended 

that this practice be terminated. The land used fo^r spread- 
ing is located in a hydrogeologically sensitive envirO'nment . 

:Salt applicatiO'n O'n highway 2 is used to provide winter 
safety tO' travellers. The reduction O'f salt use will improve 
water quality in wells lO'Cated downelope from the highway, 
but on the other hand, it will pose a greater threat to 
those using the highway in the winter. Perhaps the residences 
whose water quality is affected by salt shO'Uld not have been 
built there in the first place. Ontario Regulation 502/72 
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(Amendment to the Environmental Protection Act 1971) states 
that any road authority which uses any substances on a 
highway for the purpose of keeping the highway safe for 
traffic under conditions of snow or ice that is a contam- 
inant is exempt from the Act. 

It is recommended that the operator of the landfill 
site should make an effort to restore affected water supp- 
lies. To this end, it is also recommended that a qualified 
hydrogeologist be hired to deal with resolving the problem. 
Details and procedures of remedial measures to restore water 
supplies should be be worked out in close consultation with 
the technical staff of this Ministry. 

Monitoring should be continued by the Ministry to 
determine whether groundwater quality is affected over 
larger areas with passage of time. 
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APPENDIX A 



SUMMARY OF WATER WELL RECORDS 




Ministry of th« 
Environment 



Ontario 
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Southwestern Region 
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985 Adelaide St. South, London N6V 1V3 
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1 


BJ. 
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"LOaATiON IS SHOWN IN FIGURE 1. 




Ministry of th. Southwestern Region 

En.i,on„,e„t SUMMARY F WATE R WELL RECORDS .-naspo s.o 

Ontario ®^^ Adelaide St, South, London N6V 1V3 

COUNTY-. Oxford townshipcs): south -west oxford date co/apileO: o<^l\%h(^ coiapiler-. t. ervasti 
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04 
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SUMMARY OF WATER WELL RECORDS 
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Southwestern Region 

Technical Support Section 

985 Adelaide St. South, London N6V 1V3 
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DRILLER 


o 


1? 


oiA. 

UN.) 


^NELL 
DEPTH 
(FT.) 


m^9. 

FOUND 
(FT) 


STATIC 
LEVtL 


PUMPIWG TEST 


TYPE 


LOG AMD REfAARKS 
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B.P. 


R48 


ROBILLARD 
























'^ - *S*] 


1 


sw,o. 


GORE 


s.e 


R47 


J. 
5)0WMA K 
























c 

(I il J"" 


% 


S>iO. 


GoRE 


B.F. 


^44 


T 
























1» life' ll 


q 


5.W£l. 
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APPENDIX B 

SUMMARY OF CHEMICAL ANALYSES 
OF GROUNDWATER 




rtiiniistry of the 
Environment 
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SUMMIARY O'F THE CHEMICAL ANALYSES OF WATER ^"^■^«-»-- «^^-" 
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All analyses eictpt pH reported in mgll ynless otherwise Indicated 985 Adelaide St. South. London N6E 1V3 
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Location is shown In Figure I ; N.D.-Not detected ;< -Refers to less than ; 1 ppm = 1 mg/ 1 = 1 lb/ 100,000 Imp. gal. 
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Location is shown in Figure 1 ; N.D.-Not detected ;< -Refers to less than ; 1 ppm = ] mg/ 1 = 1 lb/ 100,000 Imp, gal. 
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Location is shown in Figure 1 ; N.D. — Not detected ;< —Refers to less than ; 1 ppm = 1 mg/ 1 = 1 IbMOO.OOO Imp. gal. 
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Location is shown in Figure 1 ; N.D. <- Not detected; < -Refers to less than ; 1 ppm=1 mg/l= 1 lb/100,000 Imp. gal. 
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Location is shown in Figure 1 ; N.D, — Not detected ;< —Refers to less than ; 1 ppm = 1 mg/l = 1 lb/ 100,000 Imp. gal. 
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Location is shown in Figure 1 ; N.D. - Not detected; < -Refers to less than ; 1 ppm~1 mg/l= Hb/100, 000 Imp. gal. 
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Location is shown in Figure 1 ; K.D.-Not detected ;< -Refers to less than; 1 ppm = 1 mg/l= 1 lb/ 100,000 Imp. gal- 
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'Location is shown in Figure 1 ; N.D. - Not detected; < -Refers to less than ; 1 ppm=1 mg/l= 1 lb/100,000 Imp. gal. 
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Location is shown in Figure 1 ; N.D.-Not detected ;< —Refers to less than ; 1 ppm = 1 mg/i= 1 lb/100,000 Imp. gal. 
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^Location is shown in Figure 1 ; N.D. — Not detected; < -Refers to less than ; 1 ppm=1 mg/l~ 1 lb/100,000 Imp. gal. 
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Location is shown in Figure 1 ; N.D.-Not detected ;< —Refers to less than ; 1 ppm = 1 mg/l= 1 lb/ 100,000 Imp. gal. 
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Location is shown in Figure 1 ; N.D. — Not detected; < -Refers to less than ; 1 ppm=l mg/l = 1 Ib/lOO ,000 Imp. gal. 
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Location is shown in Figure 1 • N.D.-Not detected ; < —Refers to less than; 1 ppm = 1 mg/l= 1 lb/100,000 Imp. gal. 
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^Location is shown in Figure 1 ; N.D. — Not detected; < -Refers to less than ; 1 ppm = 1 mg/l= 1 lb/100,000 Imp. gal. 
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Location is shown in Figure 1 ; N.D.-Not detected ;< -Refers to less than ; 1 ppm = 1 mg/l= 1 lb/ 100,000 Imp. gal. 




Ministry of the 
Environment 



Ontario 



SUMMARY OF THE CHEMICAL ANALYSES OF WATER sou.hwes.=,n Reg.on 

- , . Technical Support Section 

Results reported in mg/ 1 unless otherwise indicated (cont d) 

985 Adelaide St. South, London N6E 1V3 





County: OXF^OfiO 






Fownship: SOU-TTZ-^^ST OXPORQ Date C 


Compiled*. /6/ 


'3./-l(p 




Compil 


er: 77 


&2.VflSrf flA/o C-l?i6D|Gtg_ 


Identification 
Number^ 


Owner 

or 
Source 


*4 

o 


c 
o 

m 

m 

o 

c 
o 
O 


a 

E 

m 

m 

«tj 
Q 


Q. 

■D 
(0 


c 

N 

u 

c 

N 


3 

a 
a 




c 

c 
to 
a> 

c 

(0 


U 

E 

1 





z 

0) 

Z 


T3 
U 

E 

3 
1 

U 


■0 

c 

a, -o 
» — 

3 


to 

M 

X 


'£ 
a. 

3 

ifi 


Biological Oxygen 
Demand ; 5-Day 


C 
tl 

o» 

H 

(0 ■n 
y c 

E 1 
« r. 

5^ 


u 

1 s 


Total Organic 
Carbon 


c 
_ 


Petroleum 
Hydrocarbons 


Tannins and 
Lignins 


ffi 

c 

E ? 
«} 
c % 

< Q 


Total Dissolved 
Solids 




































































































2200 




1 


B.F. 


3o/e»l/7!i 








































2200 


^A. Dr^sdale 
residency 


l( 


u 


2fa/.^ 




















0-5 


2? 












^o.[ 






a 


il 


M 


tl 


i^oiyis 


















0.23 




fZ 


7 4 


1 


16 


N.D. 






Sfcfe 




n 


w 


4 


\l 


2l/(?fc/76 




0.70 


co,o\ 




40.02 






























w 


>\ 


II 


\l 


3o/o9jt( 






















f.^ 


"71 


^ 


7(p 









44- g 




w 


1 1 


\\ 


vl 


1^11/76 






















3.S 



































































^Location is shown in Figure 1 ; N.D. — Not detected; < -Refers to less than ; 1 ppm=1 mg/l = 1 Ibn00,000 Imp. gal. 
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Location is shown in Figure 1 ; N.D.-Not detected ;< -Refers to less than ; 1 ppm = 1 mg/l= 1 lb/ 100,000 Imp. gal. 
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^Location is shown In Figure 1 ; N.D. — Not detected; < -Refers to less than ; 1 ppm=1 mg/l= 1 IbnOO.OOO Imp. gal.; > -Refers fo oreoter thon 
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Location is shown in Figure 1 ; N.D.-Not detected ;< -Refers to less than ; 1 ppm = l mg/l= 1 lb/100,000 Imp. gal. 




Ministry ot the 
Environment 
Ontario 

County! OXFORD 



SUMMARY OF THE CHEMICAL ANALYSES OF WATER ^-^'^--^-^ ««^'- 

. , . Technical Support Section 

Results reported in mg/ I unless otherwise indicated (cont d) 

985 Adelaide St. South, London N6E 1V3 

Township". Sourw-bOeST OXPo^D Date Compiled ! I b/(2./7{p Compiler: T, GQ-VA'bTl 4ajd cai^Qic,^^ 











•o 


SI 


c 


3 


c 


^ 




■o 




cn 


c 


c 








1 




«) 






Identification 
Number^ 


Owner 

or 
Source 


o 

-I 


c 

o 

in 

o 
c 
o 
o 


a 
E 

w 

0) 
Q 


a. 

■D 
0) 


N 

o 

c 

N 


s. 

Q. 
O 

u 


</) 

at 

c 
ro 
o> 

c 
to 

s 


O 

E 

3 

E 
o 

a 


z 

o 

Z 


O 
E 

3 
1 

o 


•q 
a -o 

3 O 

to w 


X 

■g 

!£ 

Q. 

3 


Biological Oxyge 
Demand 


4, 

X 

O 

<J c 
E 1 

5S 


Inorganic 
Carbon 


Total Organic 
Carbon 


c 
_ o 
2 -E 

o '^ 
H U 


Petroleum 
Hydrocarbons 


Tannins and 
Lignins 


CD 

< 

c 

E ? 
o a, 

c "S 

< Q 


■e 

> 

o 
m 

Q 

3cB 






L- 














































2211 


Heaslip 


t 


6P 


1^1 '/76 






















^/.<^ 
































































H 
















































O 
















































UD 


15 




1 


ftF 


1^64^6 


















<0-(52 




14 


10 


/ 


7/ 


w*a 






4J0 




n 


1) 


1' 


11 


2%^ 




0A% 


<o.oi 




<a^/ 






























11 


II 


h 


M 


o^f^6 






















3.^? 


SO 


4 


%U 




O 




34? 




II 


ij 


/\ 


W 


!5^^ 






















in 



































































-I 

Loeation is shown in Figure 1 ; N.D. — Not detected; <-Refers to less than ; 1 ppm=l mg/l= 1 lb/100,000 Imp. gal. 




Ministry of the 
Environment 
Ontario 

County; OXPOKD 



SUMMARY OF THE CHEMICAL ANALYSES OF WATER 



All analyses except pH reported tn mg/l unless otherwise indicated 
Township: SOUTH- u^G^T OXPo^D pg^g compiled: Up/l^/'?^ 



Compiler : 



Southwestern Region 
Technical Support Section 
985 Adelaide St. South, London 



N6E 1V3 



Identification 
Number ' 


1 1 
O m 


o 

-J 


c 
o 

1 
s 

c 
o 
U 


a 

E 

C/) 
Q 


tf9 

'E 
3 


u 

c 

I 


U 

>> 

< 


Conductance 

micromhoslcm - 25°C 


% 

X: 

a 


c 



« 
•- 

c 

c 3 

S c 
10 


m 
S 1 

£ i 

3 
►- U. 


m 
U 

E 

3 
, «S 

U 


m 

1 

E 

3 

c 

(0 


CO 

Z 

E 

3 

■B 


«/3 


E 

3'^ 

s. 




m 
B 



jC 
Q 


m 

(0 

a 

3 


I 

c 
© 

m 


m 


Nitrogen as N 


Phosphorus 
as P 


a 

a 



c 


y. 

c 





5 

'E 



® E 

® E 


^ 2 
3^ 


z 


z 


15 




3 

0) 














ppm 














































epm 














































%epm 
























































ppm 














































epm 












































_i 


%epm 












































D 


2101 


G.A. 
Frascr 


i 


6f 


lile^Ji 


ppm 


324 


276 


4 0<5 


7.^7 














^.5 


50 




<Q.oaj 


0.110 


0.024 


f.05 


0.00% 




<l 


0,03 




epm 














































%B9m 














































.1 


\i 


II 


11 


H/k/^; 


pprr 


344 


2feg 


600 


7.56 










4.6 


a 4 


3.6 


44. 
















^1 


0,17 




epm 














































%epm 












































II 


IF 


(I 


li 


22/^ 


ppm 














































epm 














































"4 epm 














































u 


W 


** 


li 


'#6 


ppm 


24 8 


275 


600 


7. SO 


<5 


0.25 


70.5 


22.4 


4.« 


0.7 


3.6 


51 


335,i| 


0.005 


a. '0 


<d.&6l 0.13 


(^'.fidf 


<0*aBI 


1 


^dXi 




epm 














3.5»g 


(443 


a 20*? 


o.oii 


ao?i 


(.a42 


5:415 








0.046 












%epm 














4-2.16 


32 .If 


3. 74 


0.d2 


1,4*! 


15. "^i 


%2Ji 






























ppm 












































epm 














































5j,epm 
























































ppm 














































epm 




































1 








%epm 
























































ppm 






































* 








epm 


















































?;epm 
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Location is shown in Figure 1 ; N.D. — Not detected; < -Refers to less than ; 1 ppm=1 mg/t= 1 lb/100,000 tmp. gal. 
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APPENDIX C 

SUMMARY OF CHEMICAL ANALYSES 
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Ministry of the 
Environment 
Ontario 

County: OxPoRD 



SUMMARY OF THE CHEMICAL ANALYSIS OF LEACHATE 

AH analyses except pH reported in mg/l unless otherwise indicated 
Township*, south- u)EST OxpoRD Date compiled: iCo/i-2./7(p 



Southwestern Region 

Technical Support Section 

985 Adelaide St. South, London N6E 1V3 

Compiler : T- FRVAST/ and C- Rtediqer^ 



Identification 
Number ' 


«; t: <> 

i ° = 


o 


c 
g 

(0 

o 
o 


■D 

0) 

a 

E 

CO 
(0 

0) 


c 
3 


0" 

0) 
1 


CO 

>> 
C 

< 


01 I 




c 

5 

«> 
r 

? =) 

t c 

£ S 

0. re 
< X 


10 

,E 1 
>. c 

"i "i 

t- u. 


U 

E 

3 

, « 



o> 
E 

3 

c 
0» 
(0 


(0 

Z 
E 

3 


(A 


E 

3 

"55 
u> 
m 

*^ 

i 


u 

0) 





(13 

a 

3 
CO 


r 

ni 

c 


■s 

(Q 
U 


Nitrogen as N 


Phosphorus 
as P 


i 

a 



c 

ID 

a. 


0) 

u. 

c 






u E 

c 

^^ 

11 


i3 
IS 


re 

E 



u E 

" J 


re 
re 2 

1- 5i 


0) 

z 


5 
"lo 

z 


15 


3 





IL 


Oenbv 

Coibc-ibn 

Basin 


1 


6f 


is/x/rb 


ppm 


1370 


1351 


3^feO 


7.04 














/82 


3/ 
















1500 


128 




epm 














































%epm 














































w 


ii 


M 


1' 


2l/0fe/7i 


ppm 














































epm 
















































%epm 












































t-" 


lUol 


u 


.' 


If 


04/104 


ppm 




Z545 


4550 


7.22 




1600 


730 


147 


325 


175 


340 


27 


3J02 


'^3 


/30 


0.04 


^0./ 


2.50 


Lom 


1440 


/q5 




epm 














3t.427 


12.012 


<4.»58 


4.475 


9.591 


0.542 


50.5+2 




















^epm 














54.2fc 


JSOi 


Z/.06 


(oM7 


15.72 


0.92 


S535 




















ILtk,) 


II 


U 


h 


23/1/7^ 


ppm 


940 


I586> 


40(0 


7.5a 




i50 


186 


121 


375 


XOQ 


5t5 


35 


/f5J,6 


/3t 


/40 


0.02 


^0./ 


0.50 


0J5 


860 


3/. 5 




epm 














938/ 


9.?53 


ito.3l2 


5.H4 


/d297 


0.4,87 


S/.t-Ti 




















"Jjepm 














23.02. 


24.42 


40.02 


12.55 


24/3 


/■^/ 


74.26 






























ppm 














































epm 














































>,epm 
























































W3m 














































epm 














































^epm 
























































ppm 














































epm 














































5;epm 
























































ppm 














































epm 














































%epm 
























































ppm 






































' 








epm 














































%B\HU 














. 

































Location is shown in Figure 1 ; N.p. — Not detected ; < —Refers to less than; 1 ppm^l mg/l= 1 lb/100,000 Imp, gal, 
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Location is shown in Figure 1 ; N.D. — Not detected; < -Refers to less than ; 1 ppm=1 mg/l >1 lb/100,000 Imp. gal. 
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Location is shown in Figure 1 ; N.D. -Not detected ;< -Refers to less than ; 1 ppm = 1 mg/ I = 1 lb/ 100,000 Imp. gal. 
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Location is shown in Figure 1 ■ N.D. — Not detected; < -Refers to less than ; 1 ppm = l mg/l= 1 lb/100,000 Imp. gal. 
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Location is shown in Figure 1 ; N.D. — Not detected ;< —Refers to less than ; 1 ppm = 1 mg/l= 1 lb/ 100,000 Imp. gal. 
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Location is shown in Figure 1 ; N.D. — Not detected; < -Refers to less than ; 1 ppm = 1 mg/l= 1 lb/100,000 Imp. gal. 
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M^PENDIX D 

SEMI -LOGARITHMIC DIAGRAMS OF 
CHEMICAL AMALYSES FROM THE BEDROCK 
AQUIFER 
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IN LANDFILL LEACHATE. 
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HYDROGEOCHEMICAL lAAP OF ZINC (A) , COPPER (B) AND CHROMIUM (C) 
DISTRIBUTION IN THE BEDROCK AQUIFER AND IN LANDFILL LEACHATE . 
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APPENDIX F 

SUMMARY OF BACTERIOLOGICAL ANALYSES 
OF GROUNDWATER 
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APPENDIX G 
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